A P-type icosahedral quasicrystal with a six-dimensional lattice parameter a6D = 7.411 Å is formed as an equilibrium phase in AuAlTm alloy, of which composition was analyzed to be Au46Al38Tm16 by electron probe microanalysis. This quasicrystal is observed as a predominant phase in both as-cast and Au49Al34Tm17 alloys annealed at 910
Introduction
After the report of the rst Tsai-type quasicrystals in CdMgR (R = rare earth element or Ca) [1] , new members of this type have been discovered in Cu, Zn, Pd, Ag, Cd, and Au-based alloys (see for example [2] and references therein). They were discovered by either applying substitution rule satised in Tsai-type quasicrystals [3, 4] or modifying corresponding approximants already reported. The substitution rule is composed of two conditions on valence electron concentration e/a and atomic size factor [3, 4] . An approximant is a crystal consisting of periodic arrangement of so-called Tsai-type cluster. Approximants are important as a standard to study various aspects of quasicrystals: atomic arrangement, formation condition, and chemical and physical
properties. In particular, recent studies on 1/1 cubic approximants have claried their unique structural characteristics. One is geometrically disordered arrangement of atoms near the central region of each cluster. This is basically orientational disorder of four atoms tetrahedrally arranged. The surrounding shell, namely dodecahedron, is distorted reecting the orientation of the inside tetrahedron. This type of disorder may be either static [5] or dynamic [6] . The other interesting property is presence of atoms at 8c site located at [1/4 1/4 1/4] in the cubic cell (space group: Im3). It is known that the occupation of this special site strongly depends on alloy system [7] , and in many cases no atom exists at this site. Accordingly, so-called Tsai-type 1/1 approximant is not an isostructure in a strict sense, and then careful characterization of each approximant is necessary. * corresponding author; e-mail: ishimasa@eng.hokudai.ac.jp
In this study we treat the AuAlTm system. Au--based quasicrystals and approximants are rather new, and have been found by applying the above substitution rule; namely Cd atom in CdR was substituted by AuX (X = Al [2] , Ga [8] , In [9, 10] , Ge [11, 12] , and Sn [10, 13] ). We will report formation of an icosahedral quasicrystal and the corresponding approximant in AuAlTm system.
Experimental
AuAlTm alloys were prepared from pure elements of Au (99.99%), Al (99.999%), and Tm (99.9%). Alloy ingots with nominal compositions Au x Al 100−x−y Tm y were synthesized in the narrow region of 48 < x < 53 and 15 < y < 20 referring to the stoichiometry of the Powder X-ray diraction experiments were carried out by a RINT-2000 diractometer using Cu K α -radiation.
Details of the intensity measurement for the Rietveld renement was described elsewhere [2] . The renement was carried out using the software package RIETAN--2000 developed by Izumi and Ikeda [14] . The structure model was drawn using Balls & Sticks software [15] . Electron microscopic observation was carried out using JEOL JEM200CS microscope operating at 200 kV with a dou-
ble tilting stage. The alloy specimen was crushed by an agate mortar and a pestle, and a thin part of the frag- Three typical electron diraction patterns of the icosahedral quasicrystal are presented in Fig. 2 , which indicate diraction symmetry m35. In the 2-fold diraction pattern presented in Fig. 2a , one can notice the presence of τ 3 -scaling that is indicative of P-type. The structural improvement caused by heat treatment is evident in Fig. 3 that is a series of 3-fold diraction patterns of three types of specimens. The deviation of a weak reection from the ideal position observed in the as-cast specimen almost disappeared in the annealed and re-melted specimen. Weaker reections appear in the re-melted specimen which were not observed in the as-cast specimen.
Corresponding to this result, the peak width, full width at half maxima, of 022303 reection at 2θ = 63.9
• in the powder X-ray diraction pattern was decreased from ∆(2θ) = 0.34
• in the as-cast specimen to 0.23
• in the annealed and 0.14 • in the re-melted ones. In the elevated temperature process, DTA curve, Table. The atomic arrangement of this model is presented These structural properties are very similar to those in AuAlYb [2] and AuGaCa [11] approximants comparing with other 1/1 approximants, and then these three approximants can be regarded as isostructure in a strict sense.
With respect to the B-factors or the atomic displacement parameters U eq = B/(8π 2 ), those at some specic sites are relatively large, namely at M2, M7, and M8
sites. The large value of B of M8 site may be related to the possible occurrence of splitting described above. M7 site corresponding to the inner tetrahedron has partial occupancy 1/6 and large value of B. With respect to this fact, there are two possible interpretations. One is dynamic movement of the tetrahedron recently observed in Zn 6 Sc approximant [6] , and the other is static and disordered arrangement of tetrahedron [5] and approximant [16, 17] .
